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ABSTRACT 
It is common to have an indoor positioning system that read receive signal strength from 
Wi-Fi access point and locates the mobile device. However Wi-Fi signal may be 
unavailable due to unreachable-coverage and obstacles. Therefore, it is more robust if a 
hybrid indoor positioning system utilises two or more wireless communication facilities 
to locate the mobile device. In this project, a hybrid framework is proposed, and its 
usability is the main concern. The proposed hybrid framework measures received signal 
strength from both Wi-Fi and Bluetooth signals to locate the mobile device. While the 
framework is running, it is able to wisely switch from one method to another depending 
on the availability and signal quality of the wireless signals. In the situation where there 
are two sources of connection, the best one is used for positioning. The hybrid framework 
has been tested in different deployments of Wi-Fi access points to research on its usability. 
The test results show that, Wi-Fi positioning is suitable to implement in large open area 
where there is very little obstacles, while Bluetooth positioning is suitable for small area 
and covered with walls. 
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1.0 INTRODUCTION 
1.1 Introduction to Positioning Techniques 
With the evolution of mobile devices, information and services can now be accessed 
while on the move. In outdoor environment, the locations of GPS-enabled mobile device 
can be found by using satellite signals. However satellite signal is not optimal in indoor 
environment, therefore another approach is needed for indoor positioning system.  
One of the solutions is to utilise the available wireless signals within the network to 
calculate the distances between mobile device and access point, after that performs 
estimation on the location of the mobile device. 
There are two ways to calculate the distance, one of them is using the received signal 
strength of the wireless network to calculate the distance between the mobile devices and 
the access point. Another way is to calculate the distance between the two nodes based on 
the time taken for the signal to travel from transmitter to receiver. By having several 
distances between the mobile device and few access points, the position of the mobile 
device can be estimated.  
Other than that, small coverage wireless network can also be used to identify the location 
of the mobile devices in grid method as long as the maximum range of the wireless 
network does not exceed the range of a grid. There are some projects use different 
techniques to retrieve the location of the mobile device (Bahl & N., 2000)(Astrain, 
Villadangos, Garitagoitia, Garitagoitia, & Cholvi, 2006)(Ciurana, Barceló, & Cugno, 
2006). 
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1.2 Wi-Fi Positioning 
Wi-Fi is a technology that allows electronic devices to connect to each other wirelessly. It 
uses IEEE 802.11 standard family. Wi-Fi is commonly used to provide Internet 
connection to electronic devices, such as computers, smartphones, or even televisions in a 
limited coverage area. Since the usage of Wi-Fi is becoming common in places like 
shopping mall, university, or office, therefore positioning system is now viable to utilise 
Wi-Fi connections to position mobile devices. 
The popular standards of Wi-Fi devices are 802.11b, 802.11g and the latest one which is 
802.11n. There is also another standard, 802.11a, which is announced around the same 
time when 802.11b is announced. However 802.11a is not as popular as 802.11b, later 
802.11g is announced to combine both 802.11a and 802.11b strengths.  
Different standards have different data rates and coverage areas. 802.11b can support up 
to 11Mbps, 802.11g can support up to 54Mbps and 802.11n can support up to 100Mbps. 
All of the standards mentioned are using 2.4 GHz frequency, except 802.11a which uses 5 
GHz frequency. 
The coverage area of the Wi-Fi connection is different on different wireless standards. 
Wireless devices with the standard of 802.11b or 802.11g will have the coverage area of 
about 32m in indoor environment, and 90m in outdoor environment, while the 802.11n 
standard has double coverage area of 802.11b or 802.11g. 
There is no definite coverage area for the Wi-Fi connection, therefore there are different 
estimated readings for different environment. For indoor environment it means that there 
are objects such as furniture, wall, doors, or windows block the line of sight between the 
transmitter and receiver, hence it will reduce the signal strength of the wireless 
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communication and the coverage area becomes smaller.  
In outdoor environment, the situation is better because there are lesser objects blocking 
the signal. Due to the wide range of coverage area for Wi-Fi signals, calculations must be 
performed to make sure the positioning precision is optimal. The method that depends on 
access point detection method will not be working for Wi-Fi positioning, methods like 
trilateration or fingerprinting is needed to make sure the positioning precision is efficient 
for indoor location based services. 
Access points are often being installed to improve the connection quality and to extend 
the coverage area. Shopping malls, university campuses, or even an apartment have 
several access points to make sure the Internet connection is able to cover the entire 
building or area. Since multiple access points are being used in the area for the same Wi-
Fi network SSID, SSID cannot be used as the identification to the access point in 
positioning. Instead, a unique identification, BSSID is needed to uniquely identify the 
access point. 
The receiver using Wi-Fi communication is able to detect received signal strength (RSS). 
RSS is important for Wi-Fi positioning. The difference in RSS helps in estimating 
distance between the transmitter and receiver. With the distances from several access 
points, the relative location of the Wi-Fi enabled mobile device can be found.  
Trilateration is a method that uses RSS to position the mobile device. The general idea of 
trilateration is explained above, it uses the RSS to estimate the distances between mobile 
device and access points. When there are three or more distances obtained, the values of 
distance are used to perform the Pythagoras theorem calculation. Since the position of the 
access points are known, therefore the position of the mobile device can be estimated. 
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Figure 1.1 illustrates the 3 right triangles between the mobile device and the 3 access 
points. 
 
 
 
 
 
 
 
 
  
 
 
Fingerprinting is another method which also uses RSS to position the mobile device. 
However it is different from trilateration because fingerprinting method locates the 
mobile device based on the training data it has, and perform matching for the BSSID and 
RSS. The training data is built by recording the BSSID and RSS at each of the points of 
interest. Training data is one of the core components in fingerprinting. Without training 
data, the fingerprinting method is not working.  
1.3 Bluetooth Positioning 
Bluetooth wireless signal uses 2.4 GHz frequency band, which is same as Wi-Fi signals. 
Bluetooth devices are classified into 3 classes, different class has different coverage range. 
Class-1 Bluetooth device has a coverage range up to 100meters, while class-2 can cover 
up to 10meters, and 1meter coverage range for class-3.  
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Figure 1.1 Illustration for Pythagoras Theorem in Wi-Fi Positioning 
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Other than that, there are several versions of Bluetooth devices too. Different version of 
Bluetooth device has different data rate for its connection, version 1.2 has up to 1Mbps; 
version 2 has 3Mbps; while version 3 and version 4 has about 24Mbps. 
The different classes in Bluetooth devices make some impacts on the Bluetooth 
positioning performance. Coverage area is the main factor determining whether 
Bluetooth connection is suitable for positioning. The class-3 Bluetooth device coverage 
area is too small for indoor positioning, if it is to cover the entire building, a lot of 
Bluetooth beacons are needed.  
On the other hand, class-1 Bluetooth device is not suitable for indoor positioning either, 
due to its wide range of coverage area. With wide range of coverage area, the method of 
positioning by Bluetooth device detection is not usable for optimal precision of indoor 
positioning. Therefore, class-2 Bluetooth device is better for indoor positioning. 
The commonly found Bluetooth in mobile devices are class-2 Bluetooth. Class-2 
Bluetooth has up to 10 meters coverage range, but this range is only applicable to the 
environment where there is no obstruction.  
Positioning using Bluetooth connection has some limitations. There is no standardized 
power level for signal in Bluetooth, each of the Bluetooth manufacturer Bluetooth 
adapters have different signal power levels, and therefore the trilateration technique is 
very difficult to position the mobile device.  
However this limitation does not impact on positioning by detection method. Position by 
detection method only performs matching on the Bluetooth device ID because the 
Bluetooth device ID stays the same as long as the Bluetooth device does not change. 
With small coverage area of Bluetooth connection, it is suitable for grid positioning 
A Framework for Indoor Positioning System based on Android Platform. 
Law Yeong Hui (04002994)  6 
method. The entire building can be divided into small grids, with 1 Bluetooth adapter 
installed in each of the grid as the beacon. The mobile device has a list of beacons and the 
related position information. As soon as the mobile device detects the beacon, it finds for 
the matching position information.  
1.4 Android OS for Positioning 
Android operating system is an operating system initially developed by Open Handset 
Alliance. Later in 2005 it is bought by Google. Android has released its first version in 
September 2008, its kernel is developed based on Linux kernel.  
Android operating system is taking its lead at the market in recent years. From the data 
presented in (Zaid, Costantini, Mogre, Reinhardt, Schmitt, & Steinmetz, 2010), 33.3 
million units (equivalent to 32.9% of market share) of Android based Smartphone were 
shipped in 2010 fourth quarter, which is the highest among all the Smartphone platforms. 
Other than that, Android platform SDK license is free, therefore it does not require 
additional development cost. 
Another operating system that is commonly found in mobile device is windows mobile. 
Android operating system allow its application to be developed under Java, which its 
development can be done by using free SDK unlike windows mobile, its .Net framework 
programming requires Microsoft Visual Studio to develop it, and its license is not free. 
IOS is an operating system which only design for Apple mobile devices, iPhone or iPad. 
Developer can only develop an iOS application by using Xcode. Xcode is development 
software that exclusively developing iOS applications, and it also can only work in Mac 
OS. Although there are workarounds for Windows PC to run Xcode, it involves using 
virtual machine. 
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Symbian operating system is the most popular operating system for mobile devices. 
Symbian’s major programming language for its application is C++, but it also supports 
Java which is similar to Android. However the current Symbian operating system mobile 
device is rather poor in performance compare to Android operating system devices. 
Therefore Android is favourable over Symbian. 
The programming language for Android operating system is Java. Android operating 
system has their virtual machine, named Dalvik virtual machine. Dalvik virtual machine 
with its just-in-time compilation (JIT), it can run compiled Java codes. JIT compilation is 
also known as dynamic translation. It is a process that converts compiled codes into byte 
codes which will be carried out by the virtual machine. 
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1.5 The Framework 
The proposed framework utilizes both Wi-Fi and Bluetooth positioning techniques to 
locate the mobile device. Wi-Fi and Bluetooth connection are commonly found in 
wireless communication technologies; therefore it is viable to use these wireless 
communications to locate the mobile device. The positioning framework is one part of 
the location information system, and the other part of the system is the server. The 
positioning framework implementation is done entirely on the mobile device, and a minor 
part of the system, which is the server, is done on a PC. 
The server that is answering the request from the mobile device is a PHP web server. The 
communication between the mobile device and the server is via web service. The web 
server has a series of web services. The main service is the location information services. 
Various location information services can be implemented, for example, location based 
advertisement.  
The framework uses web service because it is a common communication method. Web 
service communication supports multiple platforms, therefore it is easier to expand the 
system or even develop for other operating system in the future. 
1.6 Objective 
The main objective of this project is to develop a hybrid framework for indoor location 
information system based on android platform, and research its usability in real life 
situation. The positioning hybrid framework should be able to locate the mobile device 
by utilizing the wireless communication signals around the mobile device. Research is 
done on the implementation of a framework that can read Wi-Fi and Bluetooth wireless 
signals at the same time. With this, the framework should be able to position the mobile 
A Framework for Indoor Positioning System based on Android Platform. 
Law Yeong Hui (04002994)  9 
device as long as Wi-Fi or Bluetooth connections are available.  
In order to achieve the objective, firstly it is to research into Wi-Fi signal strength, and 
monitor the relationship between the Wi-Fi signal strength and the distance between the 
transmitter and receiver. To find the relationship, a set of Wi-Fi received signal strength 
and relative distance is needed. The set of data was gathered by using a mobile device to 
scan for the received signal strength. After that the mobile device was relocated to pre-
determined distances from the Wi-Fi access point and scan for the signal strength again. 
Soon after the pairs of received signal strength and distance were found, calculations 
were made to find the attenuation factor for the Wi-Fi signal (Xu, Liu, Lang, Zhang, & 
Wang, 2010). Attenuation factor is important in the relationship between the Wi-Fi signal 
strength and the distance. When attenuation factor is found, the distance between mobile 
device and the Wi-Fi can be estimated based on the relationship. Trilateration (Kushki, 
Plataniotis, & Venetsanopoulos, 2012) can be made whenever there are three or more 
distances from different Wi-Fi access point. 
The second task is to research into Bluetooth communication. A simple program that can 
scan for Bluetooth devices was coded, after that the program was used to research on the 
effective range of different Bluetooth dongle. The outcome of the research helped in 
deciding the expected precision of the positioning. The Bluetooth positioning is a 
fingerprinting positioning method (Kushki, Plataniotis, & Venetsanopoulos, 2012), but it 
does not taking into account of the received signal strength, as long as the Bluetooth 
device is detected then the framework will locate the mobile device. 
The following task is to code the design into a working program. The program 
periodically scans for Wi-Fi signal and Bluetooth signal, and performs trilateration 
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calculations or matching process to position the mobile device. In the situation where 
both connections are there, the framework has to make decision on using which source to 
locate the mobile device. Finally call for the services from the web server. 
The final task is to put the system to work in different situations. This is to research on 
the usability of the hybrid framework in real life situation. The situation is based on the 
deployment of the Wi-Fi access point’s location. The performance for each of the 
deployment will be evaluated. 
1.7 Area of Research 
The first research area of this project is the Wi-Fi and Bluetooth communication 
protocols (Rogers & Edwards, 2003). An understanding on the communication protocol 
can help in deriving information from the connection. As explained in chapter 1.2 Wi-Fi 
signal strength can be used to find the distance between mobile device and Wi-Fi access 
point, and then positioning can be done.  
Therefore a research on existing Wi-Fi positioning systems helps to find the information 
required for the calculations above. Besides that, field testing is also needed to gain the 
knowledge to perform the positioning. 
The second area, which is the main research area, is the positioning method: trilateration 
and fingerprinting methods, and also the algorithm that implements each of the 
positioning method. The main point of the project is to create a framework for 
positioning, hence it is important to study the idea on how positioning is done. 
These two methods have been discussed in the relevant field of research; therefore there 
is a lot of useful information from the existing positioning research report or article in the 
relevant field (Bahl & N., 2000), (Borriello, Liu, Offer, Palistrant, & Sharp, 2005). From 
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these articles we can find a lot of algorithms implemented. One of the research works is 
to study the advantages and disadvantages of different algorithms contribution in building 
the framework. The differences among the algorithms are the way to ensure the accuracy 
level. 
The last area of research is the usability of the framework in different kind of Wi-Fi 
access points’ deployments. This area is to assist in allocating the Wi-Fi access points to 
an optimal location to improve the framework performance. 
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2.0 LITERATURE REVIEW 
2.1 Methods for Positioning 
An approach using WLAN signals is suggested in (Bahl & N., 2000) (Astrain, 
Villadangos, Garitagoitia, Garitagoitia, & Cholvi, 2006). It uses the signal strength of the 
WLAN signals to determine the distance between the mobile device and the WLAN 
router. By using the distance found the location of the mobile device will be estimated. 
The concept of finding the mobile device location is similar to one of the methodology 
the positioning module used in this project, which is also using WLAN signals strength to 
estimate distance and derive the location of the mobile device. In (Ciurana, Barceló, & 
Cugno, 2006), improvements on positioning algorithm are discussed. The algorithm uses 
time of arrival (TOA) of the wireless signals in WLAN to estimate the position of the 
mobile device. 
In (Zaid, Costantini, Mogre, Reinhardt, Schmitt, & Steinmetz, 2010), a hybrid system is 
discussed too. This hybrid system uses WLAN and Bluetooth connections for 
fingerprinting to detect the location of the mobile device. The main focus of the project in 
(Zaid, Costantini, Mogre, Reinhardt, Schmitt, & Steinmetz, 2010) is to utilise the 
connection range limit of Bluetooth connection to increase the precision of the location 
estimation. Other than that, it also allows the users to input new location information. In 
this case, the information directly updates the database of the system. The system in (Zaid, 
Costantini, Mogre, Reinhardt, Schmitt, & Steinmetz, 2010) is very close to the hybrid 
framework in this project. However, the hybrid framework in this project measures the 
signal strength of the Wi-Fi to position the location of the mobile device. In addition, the 
hybrid framework requires only one of the wireless connections to work while the system 
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in (Zaid, Costantini, Mogre, Reinhardt, Schmitt, & Steinmetz, 2010) is only making use 
of Bluetooth connection to improve its precision. This makes the difference between the 
hybrid framework in this project and the one which is discussed in (Zaid, Costantini, 
Mogre, Reinhardt, Schmitt, & Steinmetz, 2010). 
F. Lassabe (Lassabe, Charlet, Canalda, Chatonnay, & Spies, 2006) presented an iterative 
method to solve trilateration. The method is called iterative trilateration. Iterative 
trilateration is used to locate the mobile device based on the calculated distances from the 
mobile device and the Wi-Fi access points. In iterative trilateration, it forms a region for 
the possible location of the mobile device based on the distances calculated. After that 
there is an iteration process to adjust the coordinate, and based on the new adjusted 
coordinate, it tries to find the best match for the location. 
Besides that there is one system proposed in (Sanchez, Quintana, & Navarro, 2009). It 
focuses on improving the computation of the location estimation of the mobile device by 
using received signal strength from the access point. The environment of the location 
estimation is in indoor environment where there are several 802.11 wireless connection 
access points. The proposed algorithm uses trilateration to estimate the location of the 
mobile device, after that the location found by the trilateration method is used as the 
starting point for the next step. The next step is to estimate the location of the mobile 
device by using the probability distribution method. In this way, the computational cost 
on estimating the location can be reduced, since the range of the possible location of the 
mobile device is reduced by using trilateration. 
Other than (Sanchez, Quintana, & Navarro, 2009), a fingerprinting approach is discussed 
in [7] to locate a mobile device in indoor environment. Generally the system consists of 
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two phases, offline (calibration) phase and online (runtime) phase. The offline phase 
gathers three visible access points’ mac address and received signal strength. Once the 
information is gathered, the respective coordinates can be paired with mac address and 
received signal strength and formed a tuple. A collection of tuple for environment is 
stored as a database or radio map. In the online phase, the mobile device continues 
scanning for access points and the received signal strength. The information received by 
the mobile device forms a tuple, and the real time gathered tuple is matched against the 
tuple collection in the database or radio map to find the location of the mobile device. 
There are three matching algorithms being discussed in the paper. Among the algorithm, 
the preferable algorithm was Euclidean method. Euclidean method uses Pythagorean 
distance to find the distance between signal values. 
A Bluetooth-based positioning system is introduced in (Kyamakya, Zapater, & Lue, 
2003). There are a few Bluetooth enabled devices are installed in the places. These 
Bluetooth devices are marked as beacons. The positioning of the mobile device is being 
done based on signal strength and by using least square estimation. It calculates the 
distance between the beacons and the mobile device. After that the intersection of 
distances from three beacons, is estimated to be the position of the mobile device. In this 
paper, the researcher use received signal strength indicator (RSSI). The author has 
introduced three formulas to approximate the RSSI measurements. The implementation 
result shows that the RSSI of Bluetooth has a non-linear relationship with the distance. 
The RSSI drops a lot from the 1 meter to 2 meters. After that, between 4 to 6 meters the 
RSSI does not change much. In this case, if using Bluetooth RSSI to estimate the distance 
of the transmitter and receiver is rather hard. Moreover its coverage area has only 8 to 10 
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meters depends on the Bluetooth class, therefore a lot of Bluetooth beacons are needed. 
In (Serra, Carboni, & Marotto, 2010), a positioning mechanism is suggested. This 
mechanism uses the accelerometer and digital compass in the Smartphone to monitor the 
user’s movement. The accelerometer is used to detect whether the user is walking or not, 
while the compass is used to detect the change of direction of the user. From one section 
to another section, there are QR codes which allow the user to download the map and 
update the system on the user’s current location. This approach of tracking mobile device 
is not practical to track a human’s movement because the speed of a person walking is 
different from other people. Therefore the system is able to sense the user is walking, but 
how far the user has walked is not accurate by using this approach. 
Other than using WLAN signal strength to estimate the location, there is system using 
ultrasound to position the mobile device. This system is called WALRUS (Borriello, Liu, 
Offer, Palistrant, & Sharp, 2005). WALRUS uses ultrasound to propagate room 
information, mobile devices which are able to record ultrasound is able to position itself 
and provide navigation. Since ultrasound signal is unable to penetrate concrete wall, 
therefore the positioning system can achieve room level precision.  
Besides using wireless signal, there is another way to position the mobile device. In 
(Kawaji, Hatada, Yamasaki, & Aizawa, 2010) image recognition is used to position the 
mobile device. The image taken by the user is sent to a server. The server matches the 
image with prebuilt database of all the images taken around the building. When a high 
percentage matching entry is found, the server can estimate the location of the mobile 
device, and provide the location information service. In (Kawaji, Hatada, Yamasaki, & 
Aizawa, 2010), the system is implemented in a railway museum. Whenever a user 
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captures an image in the railway museum, the system will automatically display 
information based on the position or provide navigation to other places. This approach is 
useful when the user is willing to capture the image around the environment. However 
there are some drawbacks for the system, firstly the image matching might not work in 
the situation where the place is crowded. The image captured might be covered by other 
objects, for example another person. Secondly the system requires an action from the user 
to execute the service; however users mostly prefer the system to be feeding them 
information automatically. 
There is another paper proposed a system where position estimation is being done by 
using the digital watermarked audio signals strength (Kaneto, Nakashima, & Babaguchi, 
2010). Around the scenario environment there are several speakers emitting watermarked 
signals (WS). The mobile device receives the signal by using the microphone, and then 
deciphers it. After the mobile device receives the signal, it calculates the detection 
strength and also the detected watermark. The detection strength is used to estimation the 
position of the user. 
2.2 Existing Location Service Application 
In (Ficco, Pietrantuono, & Russo, 2010) a lot of location services has been discussed, for 
example advertisement from a shop vendor to the users’ mobile device based on the 
user’s location; location of the patient is sent to hospital when patient is trying to call an 
ambulance; and tracking of the company vehicle to manage the logistics processes. Other 
than services, the usage of Bluetooth connection to position the mobile device in indoor 
environment has been proposed too. It also has a chart which pointed out that Bluetooth 
connection can achieve a boundary as small as 10m, which is suitable to be an input for 
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location information service. 
In location information services, user’s location is the key input to access the services. 
However this service threatens the user’s privacy. In (Teerakanok, Vorakulpipat, & 
Kamolphiwong, 2010) a third party system is implemented into location information 
system. The third party system is called Anonymizer, this system hide the real identity of 
the user, and blurred the location of the user before forward the request to the location 
information server. 
Yohihide H. (H, 2008) has proposed a BREW-based system. This system mainly works 
with point of interest of the user. It has a limited range of space to be display in the 
browser. However the system scans other points of interest at a wider range. If necessary, 
the display can be extended for the point of interest which is out of the display range.  
In (Wang & Yang, 2009), a multiple-mode retriever system is implemented on restaurant 
finder system. The system has three mechanisms to retrieve location information. The 
first mechanism is fuzzy keyword searching mechanism. This mechanism detects the 
location of the user, and accepts keyword from the user’s input. The location is not 
limited to current location of the user but the user is able to change the location too. The 
search is based on the location and the keyword entered. The second mechanism is 
location based browse mode, this mechanism is similar to system proposed in (H, 2008). 
It shows the information around the location of the user or around the location of targeted 
location set by the user. The last mechanism uses tagging system in Web 2.0 to show the 
popularity of the information. For example, it can be used to find out the popular food in 
a certain city. In this paper, the system is implemented for a restaurant finder in mobile 
environment. It is able to retrieve restaurants by the three mechanisms. 
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There is another system which also shares the location information to user based on the 
user’s location (Cai & Xu, 2008). The information is like a physical post on the road. 
People receive information if the post is within his/her range of sight. In the system, each 
of the information has its boundary, and the client has also its boundary. The boundary is 
used to decide information to be sent to the client or not. As soon as the client has entered 
to boundary, information will be requested from the server. The location is also separated 
into regions. Client receives the list of information available for that region as soon as it 
enters the region. The region size is dynamic depending on the capability of the client. 
Other than that, there is another location information system proposed in (Tummala & 
Jones, 2005). The project in (Tummala & Jones, 2005) differs from (Cai & Xu, 2008) in a 
way that, it allows the user to contribute on the content instead of just the content 
provider upload the content. 
Besides that, (Meng, Wang, Sun, Ding, & Zhou, 2010) proposed a system where the 
location information sending is controlled to reduce the unnecessary communication. The 
location information is sent to the client only when the client requests it, instead of the 
server checking on client’s positioning periodically and send the information when the 
client arrive the specific locations. When the client logged to the system, the server feeds 
an information index table to the client. Whenever the client reached a certain area which 
flags the information notification, it sends a request to download the information from 
server. In an interval period of time, the server synchronizes with the client to update a 
new information index table. 
The system discussed in (H, 2008) (Wang & Yang, 2009) (Cai & Xu, 2008) (Tummala & 
Jones, 2005) are typical example on one of the services that is going to be included in this 
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project. However the main difference between the proposed system and the system being 
discussed in (H, 2008) (Wang & Yang, 2009) (Cai & Xu, 2008) is the environment of the 
system. The hybrid framework targets for indoor environment while the discussed 
systems are for outdoor environment. 
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3.0 METHODOLOGY 
Methodology chapter explains the framework’s design and its mechanics. Various 
diagrams are used to explain the framework design in methodology, including use case, 
sequence diagram, state transition chart and activity diagram. The following three 
sections discuss on the mechanics of the Wi-Fi positioning, Bluetooth Positioning and 
entire system. Lastly, this chapter ends with hardware & software requirement. 
3.1 Use Case 
Use case explains each of the function in the framework. It covers who will be the user of 
the function, a brief description of the function, the criterion that should be met before the 
function is carried out, and also a possible scenario that describe the process when the 
function is carried out. In use case notation, one function is equivalent to one use case 
and it is represented by an oval with the use case name inside. 
Mobile Device User
Positioning Module
 
Figure 3.1 Use Case Diagram 
Figure 3.1 shows that the system has one use cases. The use case represents one function, 
the function in the system is the positioning module. The user of the function is the 
mobile device user. The following are the use case descriptions. They explain the use 
case. 
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Use case name Positioning Module 
User/actor name Mobile device user 
Description Position the mobile device and query server for information 
Fit criterion When the program is running 
Use case scenario When the program is started, this use case will begin. This use case is 
ongoing until the program is shut down. 
3.2 Sequence Diagram 
In this section, sequence diagram will be shown and discussed for the positioning module. 
Sequence diagram describes the flow of messages and the message content between each 
of the entity in the framework. Figure 3.2 illustrates the sequence diagram of the 
positioning module: 
Mobile Device Server Database
scan for Wi-Fi & Bluetooth signal
Query and match signal reading with radio map
Call getInformation() web service with coordinate
Query database with coordinate
Query result
Location information
Display information
 
Figure 3.2 Sequence diagram for positioning module 
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The module starts with repeating loop of scanning for Wi-Fi and Bluetooth signal, until 
there is sufficient signal detected, then it moves on to the next step. In the next step, the 
mobile device queries and matches the signal reading against the radio map in the internal 
storage of the mobile device. If there is no matching signal found, then the process goes 
back to the first step, however if there is matching signal found in the radio map, the 
process in mobile device estimates the coordinate and calls the getInformation web 
service by passing the coordinate as the parameter.  
In the web service process, the web server queries the database with coordinate to 
retrieve location information. Once the result is retrieved from the database, the web 
server returns the location information in string format to the mobile device, and then it 
will be displayed on the mobile device screen. 
3.3 State Transition Chart 
This section discusses the state transition chart of the system. State transition chart 
explains the status of the module. Figure 3.3describes the positioning module. 
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Scanning for Wi-Fi and Bluetooth
Wi-Fi Matching
Bluetooth Matching
Call Service
Returning Result
Displaying Information
Wi-Fi Signal Found 
Bluetooth Signal Found 
Match Found? 
Match Found? 
Result Found? 
Return to Scanning State 
Program Exit 
Query Database 
Display Information 
Yes 
No 
Yes 
No 
Signal Found 
 
Figure 3.3 State transition chart for positioning module 
The positioning starts up at the state of scanning for Wi-Fi and Bluetooth signals. Once 
either signal is found the module moves on to the next state which is positioning state. 
Depends on the signal found, it goes to Wi-Fi positioning or Bluetooth positioning. If Wi-
Fi signal is detected, then it comes to a decision making state, deciding to use either 
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fingerprinting positioning or trilateration positioning based on neural network. If 
Bluetooth signal is detected, it proceeds to the Bluetooth positioning. 
During the positioning state, if location is found, it goes to call service state. If there is no 
location found, it goes back to scanning state. In the call service state, the module waits 
for server to query database for the location information. When the result is found, it 
moves on to the next state which is returning result. Once the result is returned, it 
displays the information. The module goes back to the scanning state after the 
information is being displayed. During the scanning state, if the user chooses to exit, the 
module ends there. 
3.4 Activity Diagram 
Activity diagram illustrates the flow of processes for the module. In this section the step 
by step action for positioning module is being discussed. Figure 3.4 is the activity 
diagram for the positioning module. 
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Scan for Signals
[Wifi signal found] 
Save all scanned BSSID & 
Signal strength into array
Save all MAC address & 
Signal strength into array
Cache all radio map data into array
Sort the signals by signal 
strength descending order
[match found] 
Retrieve access point coordinate
and save into new array
[match not found] 
[match = 3] 
Calculate distance between mobile
 device and the 3 access points
[match < 3] 
Find the intersection of 
the 3 lines as the coordinate
Sort the signal by signal 
strength descending order
Match scanned MAC address 
against radio map MAC address
[Bluetooth signal found] 
[end of array] [end of array] 
[match not found] 
Return the 
coordinate
[match found] 
Call web service with coordinate
Query database for 
location information
[no location information found] 
[location information found] 
Display Information
[remaining row > 0] 
Match scanned signal BSSID 
against access point list
[remaining row > 0] 
Multiply the RSS with neural network weight
Match scanned signal BSSID 
with access point list for a location
 in radio map
[Result >= 0] [Result < 0] 
[out of range] 
[within range] 
[Remaining scanned signal = 0] 
[Match < 2] 
Return the location coordinate
[Remaining scanned 
signal > 0] 
Cache all access point
 list into array
[Remaining 
location > 0] 
[Remaining 
access point = 0] 
[Remaining 
Access point > 0] 
[Remaining 
location = 0] 
[Match >=2] 
 
Figure 3.4 Activity diagram for positioning module 
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The module starts with caching all the radio map data into an array, after that it moves on 
to scan for Wi-Fi and Bluetooth signal. From this point onwards, the module branches out 
to two possibilities, it is based on the scanned signal. If the scanned signal is Wi-Fi then it 
checks if three or more Wi-Fi signal is scanned. If no, it returns to scan for Bluetooth and 
Wi-Fi signal; if yes the module saves all scanned Wi-Fi signal BSSID and signal strength 
into an array.  
After that it performs a matching on scanned BSSID against access point list BSSID. If 
there is no match found, then the module moves on to another decision where to check 
whether there is still any element left in the scanned signal array. If there is no element 
left, it returns to scan for Bluetooth and Wi-Fi signal, but if there is still element in the 
array it continue to match it against the access point BSSID.  
If the match for scanned BSSID and access point BSSID is found, then it proceeds to 
retrieve the BSSID coordinate by using the same index that store the matching BSSID in 
the access point array, and save it into an array, the filtered scanned signal array.  
Once the coordinate is retrieved and saved, the module checks whether there are three 
matches found. If it is not it returns to check whether there is more element in the 
scanned signal array. If there is none element left in the scanned signal array, the module 
goes back to signal scanning stage, else it continues perform the matching until 3 matches 
are found.   
Once there are three access point coordinates found, the module multiplies all received 
signal strength of the three filtered scanned signal with neural network weight and sum it 
up. If the summation of the multiplication result is more than or equal to 0, then it 
proceeds to fingerprinting process, else it moves on to trilateration process.  
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In trilateration process, the 3 relative distances is calculated by using their received signal 
strength. With the coordinate of the 3 access points, and the distances between the mobile 
device and the three access points, Pythagoras theorem calculations can be performed. 
The result of the calculation is returned as the estimated coordinate of the mobile device. 
In fingerprinting there are a lot of matching processes. Firstly it tries to match scanned 
signal BSSID with associated access point list for a location in radio map. If any matches 
found, then the module proceeds to check if the scanned received signal strength is within 
the range in the radio map. If it is not within range and there is remaining access point 
associated to the location, then the module returns to match for more access point.  
If there is none, the module moves on to check the next location in the radio map. If all of 
the locations in the radio map are checked, the fingerprinting process ends, and the 
module uses trilateration process instead. If the scanned received signal strength is within 
the range, the module proceeds to match the remaining scanned signal against the radio 
map. The matching continues until there is no more access point list in that particular 
location or there is no more scanned signal to match.  
If there is no more scanned signal to match and the matches found is less than two, the 
module moves onto check the next location in the radio map. If there are two or more 
matches found, the fingerprinting process ends and returns the associated coordinate as 
the estimated location coordinate. In fingerprinting, whenever the scanned received signal 
strength fall within the range of received signal strength in the radio map, it is considered 
a match found. The upper bound of the range is the received signal strength obtained in 
calibration plus 7, and the lower bound is minus 7. 
On the other big branch in the positioning module is the Bluetooth positioning. The 
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module saves all scanned MAC address of the Bluetooth device and the received signal 
strength. After that the module sorts the Bluetooth signal based on the received signal 
strength, from highest to lowest, and then it proceeds to match against the radio map 
array.  
If there is no match found, it moves on to use the next element in the scanned signal array 
to match again. However if there is no other element that has yet to be used for matching 
then the module goes back to scan for more signal. If there is a match found, then it 
proceeds to retrieve the coordinate relative to the match in radio map array.  
As soon as the coordinate is retrieved, the two major branches in positioning module 
leads to the same action, which is calling the web service with the coordinate retrieved 
from the previous step. The web server queries the database to find if there is location 
information for the coordinate. If the web service returns zero result then the module 
proceeds to scan for more signal again. If there is result from the web service, then the 
module displays the location information and back to scanning stage. 
3.5 Wi-Fi Positioning Module 
In Wi-Fi positioning module, there are two methods being used to position the mobile 
device. The first method is trilateration, the other method is fingerprinting. The decision 
on using trilateration or fingerprinting is made by a neural network. 
3.5.1 Trilateration 
In trilateration method, there are two important formulas. One of them is the distance 
calculation formula, and another one is trilateration calculation formula. Distance 
calculation formula is derived from path loss formula (Xu, Liu, Lang, Zhang, & Wang, 
2010), as shown in formula (1). The path loss formula defines the relationship between 
A Framework for Indoor Positioning System based on Android Platform. 
Law Yeong Hui (04002994)  29 
the received signal strength (in dBm), received signal strength at one meter (in dBm), the 
attenuation factor for the environment and the distance between sender and receiver. 
Rearranging the variables the distance calculation formula is shown in formula (2). 
Pr = P1m – 10n log d ------------------------------------------------------------------------------ (1) 
d = log
-1
 [(P1m – Pr ) / 10n] ----------------------------------------------------------------------(2)  
With three distances calculated, trilateration calculation is performed. Trilateration 
calculation can estimate the coordinate of the mobile device. Its formula is derived from 
distance between two points in Cartesian coordinate system as shown in formula (3). 
Since trilateration has distances between the mobile device and 3 different access points, 
therefore there should be three distance formula: (4), (5) and (6).  
Formula (7) is formed by adding two distance calculation formula, in this case formula (5) 
and (6). After expanding the bracers, it becomes the formula shown in (8). The next step 
is to move x and y variable to the left, it produces formula (9), (10) defining for the 
remaining access point. 
As the steps move on, the formula is getting long and complicated, therefore va and vb is 
used to represent the right side of the formula (9) and (10) respectively. Formula (11) 
represents the formula for va and formula (12) represents the formula for vb. After va is 
replaced into the formula (9), the variable x remains on the left side, the rest of the 
variables is moved to the right side, and it forms formula (13).  
After that, replace formula (13) into formula (10), and it produces formula (14). In 
formula (14), y variable can be solved, after that replace y value into formula (13), x will 
be solved too. The x and y variable value is the x and y coordinates of the mobile device 
estimated position. 
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3.5.2 Fingerprinting 
In fingerprinting method, the module uses the scanned Wi-Fi signals with received signal 
strength (RSS) to match against radio map. The module first performs matching process 
on scanned BSSID of the Wi-Fi signals against list of BSSID for each of the location in 
the radio map. If there is matching BSSID, then it checks whether the RSS is within the 
RSS range of the location.  
If the two checking processes passed, the module attempts to check if the remaining 
scanned BSSID matches the BSSID for the same location and the relevant RSS falls 
within the RSS range of the location. If two or more BSSID of the location is present in 
the list of scanned signal and the RSS is within the range, then the module returns the 
corresponding coordinate as the estimated location coordinate. 
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3.6 Bluetooth Positioning Module 
The Bluetooth positioning module scans for Bluetooth signals periodically. Once there 
are Bluetooth signals detected, the module selects the signal with the highest received 
signal strength. After that, the module proceeds to the matching process for detected 
Bluetooth device mac address against the list of mac addresses in the Bluetooth radio 
map. If there is any match found then it returns the coordinate as estimated location 
coordinate.  
3.7 Entire System 
The entire system covers the two positioning modules and the web service module. The 
positioning module is active as the program is running, it scans for Bluetooth and Wi-Fi 
signals periodically. Since the mobile device cannot scan for Bluetooth and Wi-Fi signals 
simultaneously, the module takes turn scan for Bluetooth and Wi-Fi signals over the time. 
The web service module on the other hand is called only when it is necessary. The system 
is triggered whenever there is coordinate found either by Bluetooth positioning or Wi-Fi 
positioning. In the web service, the web service queries pre saved location information 
based on the coordinate in the parameter.  
Each of the location information has a boundary for the coordinate, the boundary is a 
rectangle covering the entire location. The database holds the upper left corner and lower 
right corner coordinate of the rectangle. As long as the estimated coordinate is within the 
boundary, the web service returns the relevant information to the mobile device and the 
mobile device displays it on the screen. 
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3.8 Hardware & Software Requirement 
3.8.1 Hardware Requirement 
In this section, it outlines the mobile device hardware specifications needed to run the 
framework. The most important hardware specifications for the mobile device are the 
mobile device needs to be Bluetooth and Wi-Fi enabled. These two features is the core 
element for the positioning technique in the framework.  
The Bluetooth version and class can be any version and class. It does not make a lot of 
differences for the performance. For the Wi-Fi standard, it should be 802.11b, 802.11g or 
802.11n. Other than that, the mobile device is required to have internet connection, the 
internet connection is used to retrieve the location information from the server.  
There is no specific requirement for the display screen. However the larger the display 
screen, the more presentable the location information is. If the display screen is large 
enough, the information can be viewed at a glance instead of having to scroll around. 
There is no specific requirement for the web server machine. It depends on the targeted 
number of users. As long as it is able to connect to the internet and run apache web server, 
the machine can be the web server. In this project, for testing purpose, the web server is 
hosted in the development computer. 
3.8.2 Software Requirement 
Since the framework is based on android operating system devices, the primary 
requirement in software is the Android operating system. The positioning module is 
coded for Android version 1.6. Other than that, there is not much software required for 
the mobile device.  
For the server side of the framework, the web server uses apache server to host the PHP 
A Framework for Indoor Positioning System based on Android Platform. 
Law Yeong Hui (04002994)  33 
web service, and uses MySQL as the database. 
In the development process, Eclipse was used to code the application that implements the 
framework. Other than that, Notepad++ was used to code the PHP web service script, and 
lastly SQLyog is used to create and maintain the database for the web server.  
4.0 RESULT & DATA ANALYSIS 
4.1 Test Plan 
4.1.1 Test location 
This section discusses the location of the test, and the environment of test locations. The 
test was carried out in Sunway University campus, in the north building second level. 
Figure 4.1 shows the floor-plan of that area. The black color box highlights the perimeter 
of the testing area. The size of the test area is about 25m x50m. 
 
Figure 4.1 Sunway University, North Building second level floor-plan 
 
There are 18 points of interest (POIs) within the testing area. Eleven of them are at 
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corridors; four of them are at open area; two of them are at elevator lobby, and the 
remaining one is beside a toilet. Around the test area, there are several detectable wireless 
signals. These signals are from the campus Wi-Fi access points. The Wi-Fi connections 
from the computer lab and personal Wi-Fi connections are allocated for this test. 
4.1.2 Test Procedures 
This section discusses the access points used for the test, the points of interest for the 
positioning, the placement of the access points, the procedure to build the radio map for 
fingerprint method, the pattern of the tester’s movement and the mobile device used in 
this test. 
There are three Wi-Fi access points placed around the test location. This is the minimum 
requirement for the trilateration calculation. Among the three access points, two of them 
are D-Link DIR-615 with IEEE 802.11n wireless connection, and the other access point 
is TP-Link TL-WR1043ND Wi-Fi router with IEEE 802.11n wireless connection.  
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Figure 4.2 Floor-plan with point of interest 
In Figure 4.2, the acronyms for each of the POIs and their location are illustrated. The full 
names of the POIs are shown in Table 4.1 below. The POIs are mainly corridor in front of 
the rooms, corridors around the two elevators, and the study area which divided into 4 
parts, north west, north east, south west and south east. 
 
POI acronyms POI names 
NELE_SC North Elevator West Corridor  
NW2_C Room NW2 Corridor 
NELE_C North Elevator South Corridor 
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LADIES_C Ladies Corridor 
212_C Room 212 Corridor 
213_C Room 213 Corridor 
214_C Room 214 Corridor 
SANW Study Area North West 
SANE Study Area North East 
SASW Study Area South West 
SASE Study Area South East 
TR20_C Room TR20 Corridor 
SELE_C South Elevator North Corridor 
GENTS_C Gents Corridor 
SELE_SC South Elevator West Corridor 
GENTS Gents 
NELE North Elevator 
SELE South Elevator 
Table 4.1 POI acronyms and POI names 
There are three rounds of tests. The placement of the access points is different for each 
round. In first round, the placement of the access points is focused on study area. In the 
second round, the placement focuses on the north area of the study area. For the last 
round, the access points are spread out. Only the placements of the Wi-Fi access points 
are different, the Bluetooth beacon remains at the same place for the three rounds of test. 
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Figure 4.3 Floor -plan with placement of access points and Bluetooth beacon for round 1 
 
In the first round of test, one of the access points is placed at the north east part of the 
study area, the other one is placed at the south east part of the study area. The last one is 
at the west part of the study area, and the Bluetooth beacon is placed at the gents. Figure 
4.3 illustrates the placement of the access points with red dot and Bluetooth beacon with 
blue dot for the first round. 
 
Access Point 
Bluetooth Beacon 
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Figure 4.4 Floor-plan with placement of access points and Bluetooth beacon for round 2 
 
As illustrated in Figure 4.4, the access points are moved to focus more on the northern 
part of the study area in the second round of testing. The first access point is placed at the 
corridor in front of meeting room NW2.The second access point is placed at the North 
West part of the study area, and the last access point is placed at the North East part of the 
study area. The Bluetooth beacon remained in the gents. 
Access Point 
Bluetooth Beacon 
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Figure 4.5 Floor-plan with placement of access points and Bluetooth beacon for round 3 
 
Finally in the last round of test, two access points are placed out of the study area. One is 
remained in corridor in front of the meeting room NW2, and the other one is placed in the 
corridor in front of the room NE-TR 2-20. The third access point is placed in the west 
part of the study area. Same as the previous rounds, Bluetooth beacon remained in the 
gents. The placement of the access points and Bluetooth beacon is illustrated in Figure 
4.5. 
In the positioning system, POIs are stored in the radio map. Each of the POI in the radio 
map has a set of coordinates as the boundary of the POI area, the received signal strength, 
and the access point mac address for fingerprinting positioning.  
There are three ways to position the mobile device: the Wi-Fi trilateration, the Wi-Fi 
Access Point 
Bluetooth Beacon 
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fingerprinting, and the Bluetooth fingerprinting. The Wi-Fi trilateration produces an 
estimated coordinate. If the estimated coordinate falls into a POI boundary, then the POI 
will be displayed as the estimated location. The Wi-Fi fingerprinting performs a series of 
matching process on access point MAC address and received signal strength (RSS).If the 
required matches found, the relevant POI will be the estimated location. Similar to Wi-Fi 
fingerprinting, Bluetooth fingerprinting estimates the location by performing matching, 
but Bluetooth fingerprinting only matches on the Bluetooth beacon MAC address. 
Before the test begins, the radio map has to be built. To build this radio map, scanning of 
the Wi-Fi signal received signal strength at each of the POI needs be done. Ten sets of 
received signal strength for each of the POIs are collected, and then the average of the ten 
readings is used for the radio map. 
During the test, the tester goes to each of the POI, and records the estimated POI. The 
tester remains at the same POI until fifteen estimated POI can be recorded. Samsung 
Galaxy Tab 10.1 is used for this test. The operating system is Android version 4.03, and it 
has built-in IEEE 802.11n Wi-Fi adapter.  
4.1.3 Test Outcome 
The result from the positioning system is the estimated point of interest (POI). Therefore 
to measure the result of the system, a comparison is made between the estimated POI and 
the predetermined POI. After a several rounds of test, and the accuracy in percentage can 
be calculated for each round, and the average of the accuracy can be obtained. 
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4.2 Test Result 
4.2.1 Result Data 
Results from the three rounds of test are discussed in this section, the accuracy in 
percentage and the number of accurate estimation for each of the POI is presented. 
In the first round of tests, the overall accuracy is rather low. It can only achieve 27% of 
accuracy, there are 270 estimations, and 74 of them were correct. The POI that has the 
highest correct estimations is North Elevator, which has 87% of accuracy, out of 15 
attempts, there were 13 correct estimations. There are several POIs with 0% accuracy, 
and they are Study Area North East, Room 214 Corridor, South Elevator, North Elevator 
West Corridor, Gents Corridor, and South Elevator North Corridor. The others are within 
7% to 73% accuracy.  
Table 4.2 presents the accuracy and the number of correct estimations for each of the 
POIs in the first round. The result is also categorized into 4 categories, which are less 
than 11%, between 11% and 49%, between 50% and 74%, and above 75%. These 4 
categories are represented in red, orange, yellow and green color, and the floor-plan is 
highlight with these colors to reflect its accuracy in each of the POI area as illustrated in 
Figure 4.6. 
POI Accuracy Correct estimation 
SA_SE 73 11 
SA_SW 47 7 
SA_NW 60 9 
SA_NE 0 0 
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NW2_C 60 9 
TR20_C 13 2 
Gents 60 9 
214_C 0 0 
213_C 20 3 
212_C 27 4 
SELE 0 0 
NELE 87 13 
NELE_C 7 1 
NELE_SC 0 0 
GENTS_C 0 0 
LADIES_C 33 5 
SELE_C 0 0 
SELE_SC 7 1 
Table 4.2 Test result for first round 
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Figure 4.6 Floor-plan with test result for first round 
 
The result in the second round of test shows slightly better accuracy. The overall accuracy 
is 31%, 85 correct estimations out of 270 estimations. The highest accuracy in the second 
round is 100%, the POI with this accuracy is Room NW2 Corridor. In the second round 
of test, there are 5 POIs with 0% accuracy, and these POIs are Room 213 Corridor, Room 
212 Corridor, South Elevator, Gents Corridor, and South Elevator North Corridor. 
The accuracy and the numbers of correct estimation for all the POIs are presented in 
Table 4.3.In Figure 4.7, each of the POI area is highlighted with color code base on its 
accuracy. 
75% - 
100% 
50% - 74% 
11% - 49% 
0% - 10% 
Access Point 
Bluetooth Beacon 
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POI Accuracy Correct estimation 
SA_SE 7 1 
SA_SW 13 2 
SA_NW 67 10 
SA_NE 47 7 
NW2_C 100 15 
TR20_C 47 7 
Gents 40 6 
214_C 40 6 
213_C 0 0 
212_C 0 0 
SELE 0 0 
NELE 73 11 
NELE_C 80 12 
NELE_SC 7 1 
GENTS_C 0 0 
LADIES_C 40 6 
SELE_C 0 0 
SELE_SC 7 1 
Table 4.3 Test result for second round 
 
A Framework for Indoor Positioning System based on Android Platform. 
Law Yeong Hui (04002994)  45 
 
Figure 4.7 Floor-plan with test result for second round 
 
In the last round of test, the overall accuracy increased to 40%, the number of correct 
estimations is 107/270. The highest accuracy is 93%, and the related POI is Gents. There 
are only 2 POIs has 0% accuracy, which are Room 212 Corridor, and Gents Corridor. The 
accuracy and the number of correct estimation for all of the POIs are presented in Table 
4.4. Other than that, the round 3 test result is illustrated in Figure 4.8 with the accuracy 
based color code. 
  
75% - 
100% 
50% - 74% 
11% - 49% 
0% - 10% 
Access Point 
Bluetooth Beacon 
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POI Accuracy Correct estimation 
SA_SE 47 7 
SA_SW 40 6 
SA_NW 33 5 
SA_NE 67 10 
NW2_C 40 6 
TR20_C 80 12 
Gents 93 14 
214_C 27 4 
213_C 27 4 
212_C 0 0 
SELE 13 2 
NELE 60 9 
NELE_C 20 3 
NELE_SC 27 4 
GENTS_C 0 0 
LADIES_C 47 7 
SELE_C 40 6 
SELE_SC 53 8 
Table 4.4 Test result for third round 
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Figure 4.8 Floor-plan with test result for third round 
 
4.2.2 Result Analysis 
This section includes analysis on the results from the three rounds of test, and the 
comparison among them, followed by the analysis on the results from the three types of 
positioning method, and also the comparisons.  
4.2.2.1 Round 1 Analysis 
In the first round of test, there are 8 points of interest (POIs) have less than 10% of 
accuracy. The corridors around the north and south elevator (NELE_C, NELE_SC, 
SELE_C, and SELE_SC) were too far away from the access points, therefore the signal 
75% - 
100% 
50% - 74% 
11% - 49% 
0% - 10% 
Access Point 
Bluetooth Beacon 
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strength fluctuate a lot. Moreover, the position of the POI also caused the poor result, 
because these locations are often around the corner of the wall, which pose a great impact 
on the signal strength. The positioning module rely on this signal to position the mobile 
device, therefore unstable signal causes poor performance in positioning.  
Not only the corridors around the elevators, Room 214 Corridor (214_C) also having bad 
result. Similar to the corridors around the elevators, 214_C is far from the access points 
and there are 2 layers of wall between the POI and the access points, therefore the signal 
strength is not stable and causes the positioning to be inaccurate. 
Other than the corridors around the north and south elevator, the Gents Corridor 
(GENTS_C) also has poor result. The main factor is because of the Bluetooth beacon in 
the gents. The Bluetooth fingerprinting was set to be higher priority when comes to 
positioning, therefore the Bluetooth beacon signal in the gents reached the corridor 
outside the toilet and caused the positioning module to mistakenly estimate it as the gents. 
It affects 13 out of 15 estimations in round 1 test. 
Besides the above POIs, South Elevator is also one of the POI that has poor result. The 
main reason for this POI to have poor result is similar to POI at the Gents Corridor, the 
mobile device is able to detect the Bluetooth beacon signal in the gents, therefore the 
positioning method estimate the mobile device to be in the gents. 
The Study Area North East (SA_NE) is also a POI that has less than 10% accuracy. The 
position is often estimated as Study Area North West (SA_NW), which is the adjacent 
POI. This POI has poor result because the it’s area is too small and very near to the center 
of adjacent POI, therefore the received signal strength for this POI is very close to its 
adjacent POI received signal strength. In this case, confusion happens because there are 
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two or more POI that can pass the received signal strength matching process in 
fingerprinting positioning method. 
The only POI that has a good result with 75% accuracy and above is North Elevator. This 
POI has a good result because it is surrounded by a wall, which causes the received signal 
strength to have a gap from its adjacent POIs’ received signal strength, and this is helpful 
for the fingerprinting positioning method. This situation is slightly different from the 
214_C case, because 214_C is blocked by 2 layers of wall, therefore the signal is weak 
and fluctuates a lot. 
4.2.2.2 Round 2 Analysis 
In the second round of test, there are also 8 points of interest (POIs) marked as red, which 
has the accuracy of 10% or below. Similar to first round, the corridors around the south 
elevator (SELE_SC and SELE_C), South Elevator, and Gents Corridor (GENTS_C) have 
poor result. The main reason is these POIs are too far away from the access points. 
Moreover, there are walls in between the access points and the POIs, and therefore the 
signal is weak and not useful for positioning. 
Next is the Room 213 Corridor (213_C) and Room 212 Corridor (212_C), these two 
POIs are also behind the walls therefore the signal fluctuates a lot, and the positioning 
cannot estimate the location properly. The Room 214 Corridor (214_C) is expected to be 
marked as red zone too, however the result is6 correct out of 15 estimations. The result 
for 212_C, 213_C, and 214_C is always not consistent, the signal fluctuate a lot, 
therefore the positioning is only working when the signal strength fall into the received 
signal strength range from calibration. 
Other than that, the Study Area South East (SA_SE) also has a poor result. This is due to 
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the access point at the Room NW2 Corridor is blocked by a wall. The received signal 
strength for the signal that reaches the study area is unstable, therefore fingerprinting is 
not working properly. Not only SA_SE has poor result, Study Area South West (SA_SW) 
also has bad result. 
The remaining POI that has a poor result is North Elevator West Corridor (NELE_SC). 
This POI has poor result because it is located behind the corner, which causes the signal 
to fluctuates and not optimal for fingerprinting positioning. According to the result, the 
positioning module always estimates the position as the adjacent POI. 
In the second round of test, there are 2 POIs with good result, which have more than 75% 
of accuracy. One of them is the Room NW2 Corridor (NW2_C). NW2_C has a good 
result because it has clear line of sight from the three access points, therefore the signal it 
receive is stable enough for fingerprinting positioning. Other than that, it is also near to 
the access points, this also another reason why the signal is stable. 
The other POI that has a good result is North Elevator South Corridor (NELE_C). 
NELE_C has a good result because it has a clear line of sight from two access points. 
Therefore the signal it receives from the access points is stable and optimal for 
fingerprinting positioning. 
4.2.2.3 Round 3 Analysis 
In the third round of the test, most of the POI accuracy falls in low average category, in 
between 13% and 47%. There are only 2 POIs with poor result and 2 POIs with good 
result. The POIs that have poor result are the Room212 Corridor (212_C) and Gents 
Corridor (GENTS_C), on the other hand, POIs that have good result are the Room 
TR20Corridor (TR20_C) and gents. 
A Framework for Indoor Positioning System based on Android Platform. 
Law Yeong Hui (04002994)  51 
As usual, 212_C is having bad result, because there are walls in between 212_C and the 
access points. The walls greatly reduce the signal stability, hence causes the 
fingerprinting positioning not working properly. The other POIs along the corridor, 
213_C and 214_C, are also having below average result, only 27% of accuracy. 
Other than that, GENTS_C is also marked as red zone. In the third round, the Bluetooth 
beacon signal in gents does not interfere the positioning in GENTS_C badly. Throughout 
the 15 estimations only 3 times the module detected the Bluetooth beacon signal. The 
main reason that GENTS_C has poor result is the POI located too far away from the 
access points. 
TR20_C is one of the POIs that have good result. The main reason is because this POI is 
near to the access points, therefore the received signal strength here is more stable and 
useful for fingerprinting. Moreover, the centers of adjacent POIs are not close to TR20_C, 
therefore the received signal strength is not close and confusion on fingerprinting 
positioning is not happening.  
Besides that, the gents also has good result because the Bluetooth beacon is within this 
POI, and the Bluetooth beacon is representing only this POI. Therefore the Bluetooth 
positioning can work properly and achieves high accuracy. However there are times when 
the Bluetooth signal is not broadcasted and that make the accuracy not 100%. 
4.2.2.4 Overall Analysis on 3 rounds 
Based on the overall accuracy, among the three deployments of the access points, the 
spread out deployment used in round 3 has a better result. When the access points are 
spread out, the received signal strength from the north access point and south access point 
have a bigger gap, therefore the POI from northern part is not estimated as the southern 
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part and vice versa. For example, in the list of estimated POI when the mobile device is 
in South Elevator West Corridor, there is no POI in the northern area, such as North 
Elevator West Corridor, North Elevator South Corridor, or North Elevator. 
Other than that, another reason is because the access point can reach more places in direct 
line of sight. If there is no obstacle between the transmitter and receiver of wireless signal, 
then the signal received will be more stable. A stable signal is very important in 
fingerprinting positioning method because the positioning is done based on the received 
signal strength. It uses the current received signal strength and compares it with the 
received signal strength in the radio map collected during the calibration. Therefore if the 
signal fluctuates, and received signal strength goes beyond the range in the radio map, 
then the positioning will not be accurate and will not work properly. 
4.2.2.5 Wi-Fi trilateration positioning method analysis 
In the 3 rounds of test, trilateration positioning method does not perform well. It has only 
9% of accuracy. Most of the estimations done by trilateration are not working properly, 
due to the signal is poor. However some of the estimation is able to estimate the position 
of the mobile device to be at the adjacent POI of its actual location. 
Moreover the trilateration method is only used when the fingerprinting method does not 
find any matching POI. Therefore, there is high chance that the signal is very weak which 
causes the fingerprinting method to fail, and with this weak signal, trilateration might not 
be performing well too. 
However trilateration is working quite well in some POI. For example, Study Area South 
East in the first test, out of the 11 correct estimations, 8 of them are done by using 
trilateration method. The reason is because this POI is very near to the 3 access points, 
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and the mobile device has direct line of sight to them therefore the signal is useful for 
performing trilateration. 
4.2.2.6 Wi-Fi fingerprinting positioning method analysis 
As expected, fingerprinting positioning method is mostly used in the test. It has been used 
for 563 times throughout the 3 rounds of test. This is because calibration has been done 
for each of the POIs except the gents, in other words, fingerprinting received signal 
strength for each of the POIs are in the radio map. The overall accuracy of the 
fingerprinting positioning method is 40%. 
Most of the errors that fingerprinting positioning made is mistakenly estimated the 
location as the adjacent POI. This is due to the Wi-Fi signal fluctuate a lot, and causes the 
received signal strength (RSS) for each of the POI overlap on the others. For example, 
the received signal strength in the radio map from one access point for 212_C is -65 to -
73, and for 213_C is -68 to -75.Therefore when the positioning module detects the signal 
with RSS -69, then the positioning module has a chance to make a mistake in estimating 
the location. 
4.2.2.7 Bluetooth positioning method analysis 
Bluetooth positioning method is performing below the expectation, however it can still 
achieve 49% accuracy. The total number of Bluetooth positioning method sample is 59. 
Bluetooth positioning method is working fine at its own POI (gents) in the first and third 
round of test.it can achieve accuracy of 60% and above, however in the second round its 
accuracy drop to 40% only. 
The Bluetooth beacon is place in the middle of the POI. Whenever the Bluetooth 
positioning module detects the beacon signal, it returns the respective POI as the 
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estimated location. Therefore Bluetooth positioning method is performing well in the POI 
with Bluetooth beacon. However this method has a drawback which it causes the adjacent 
POI to be mistakenly detected as the gents whenever the Bluetooth beacon signal reach 
beyond the POI area. As shown in the result, South Elevator and the Gents Corridor 
(GENTS_C) are affected the most by this interference. 
4.2.2.8 Comparison on the 3 positioning method 
Among the three positioning method, Bluetooth positioning method has the highest 
overall accuracy, followed by Wi-Fi fingerprinting positioning method and lastly the Wi-
Fi trilateration positioning method. 
Bluetooth positioning method has better results because the POI that has the Bluetooth 
beacon is not too big, just within the range of a Bluetooth connection coverage area. 
Therefore the Bluetooth signal can reach the mobile device when it is in the POI area. 
Moreover, there are not many obstacles like walls in between the Bluetooth beacon and 
the mobile device. It makes the connection more stable, and hence the detection of signal 
will not be a problem. 
Bluetooth positioning method has improved the overall accuracy for each round of tests, 
especially in the third round, gents which has the Bluetooth beacon achieved up to 93% 
of accuracy. The only time that the Bluetooth positioning is interfered with and pulled 
down the overall accuracy is in the first round of test. Bluetooth beacon signal is able to 
reach two adjacent POI, and causes confusion to the positioning module. 
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5.0 CONCLUSION 
To summarize, the Bluetooth positioning method is useful when the POI is covered with 
walls, and in a small area. With the walls covered POI, the signal will not reach adjacent 
POI easily, and when the POI area is small, the Bluetooth signal is able to reach the entire 
POI area. On the other hand, Wi-Fi positioning method performs better in open area that 
does not have many obstacles. In terms of coverage area, Wi-Fi fingerprinting positioning 
method can cover larger area compared to Wi-Fi trilateration. 
In the future, there are some improvements can be made to the framework. The first thing 
is to include the digital compass feature as one of the positioning module. With this, the 
framework is able to estimate the direction that the user is facing to. User’s direction can 
improve the location based system service. For example, if the user is facing shop A, then 
the location based service module can put the advertisement about shop A at higher 
priority. 
Other than that, to reduce the interference on the adjacent POI, POIs that have Bluetooth 
beacon should have a mechanism to control the signal and prevent it to reach other POI. 
Another improvement could be done to test the framework in more locations, such as 
locations that only has rooms, and a large open area that does not have walls. Besides that, 
more Wi-Fi access points to be added to reach more POIs with direct line of sight. This 
can improve the performance of the Wi-Fi positioning. 
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